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(54) Electronic control arrangement for a laser printer

(57) The write lines of a color laser printer are main-
tained substantially equal throughout the printer's oper-
ation by an electronic control arrangement. At the
factory, the write lines on all photoconductors of the
color laser printer are calibrated to be substantially
equal, and the ratio of each write line to a measuring
line for each photoconductor is ascertained. During
operation of the printer, the length of each of the meas-
uring lines is periodically determined through counting
the number of PELslice clock timing pulses produced
from a PELslice clock operating at a fixed frequency
determined during factory calibration. The length of the
write line is determined by the product of the length of
the measuring line and the factory calibrated ratio of the

length of the write line to the length of the measuring
line. After each periodic determination, PELslice clock
timing pulses are selectively inserted into or removed
from the PELslice clock timing pulses for all of the write
lines but the write line, which is closest to the desired
length, to increase or decrease their lengths to be sub-
stantially equal to the write line, which is closest to the
desired length. The time for insertion or removal of each
of the PEL slices into the train of PELslice clock timing
pulses produced by the PELslice clock is determined
with each preferably inserted at a non-active portion of
a PEL. Each insertion or removal of a PEL slice also
may be offset from its determined position.
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Description

FIELD OF THE INVENTION

[0001] This invention relates to a laser printer and, more particularly, to an electronic control arrangement for con-
trolling the lengths of the write lines in a laser printer.

BACKGROUND OF THE INVENTION

[0002] It is necessary for a color laser printer to have a print speed substantially the same as a non-color laser
printer to have a marketable product. To accomplish this, a color laser printer can utilize four different laser scanner
beams to image all four electrophotographic photoconductive drums simultaneously.
[0003] When simultaneously imaging the four electrophotographic photoconductive drums, the length of the write
line for each of the four laser beams must be substantially equal. This is because the images produced on the four elec-
trophotographic photoconductive drums must overlie each other. If the write lines are not substantially equal, then the
four color images will not be in an overlying relation, and the print quality will not be satisfactory.
[0004] The primary reason for the four write lines of a color laser printer not being of equal length is the lens mag-
nification in the laser optical systems. This is due to variations in the optical systems of the printer, especially due to
thermal effects and variations in the mounting locations of the optical systems relative to the image plane on each of
the electrophotographic photoconductive drums.
[0005] One previously suggested arrangement for maintaining the write lines substantially equal employed
mechanical means for adjusting mirror components in the optical system of each of the four scanning laser beams. This
resulted in the lengths of the four write lines being acceptably equal through changing the line magnification. However,
this is a relatively expensive and complex solution to the problem.
[0006] In a non-color laser printer, it is desired for the write line of a single laser beam to be substantially the same
length at all times, particularly when preprinted forms are to be completed by printing on a laser printer. Thermal effects
in the laser printer can cause changes in writing line length which can affect locations of print on the preprinted forms.
[0007] U.S. Patent No. 5,117,243 to Swanberg et al discloses the use of PEL slices produced by a clock to control
non-linear velocity sweep of a single laser beam along a scan line. U.S. Patent No. 5,175,636 to Swanberg employs two
different clock frequencies to correct for non-linear velocity sweep of a single laser beam along a scan line. However,
neither of the aforesaid Swanberg et al and Swanberg patents suggests any correction for lens magnification during
operation.

SUMMARY OF THE INVENTION

[0008] The electronic control arrangement of the present invention satisfactorily solves the foregoing problem of
maintaining the lengths of the write lines of a plurality of laser beams of a color laser printer substantially equal. Addi-
tionally, this electronic control arrangement also can be utilized in a non-color laser printer to maintain the write lines of
one or more laser beams substantially constant.
[0009] The electronic control arrangement measures the length of each of the write lines of the laser beams. These
measurements are used to adjust the lengths of the write lines so that they are substantially equal.
[0010] The differences in the lengths of the write lines of the plurality of laser beams are due to each of the laser
beams scanning the electrophotographic photoconductive drum at a different average velocity. That is, the time is the
same for each laser beam to write a line of a fixed number of individual print elements (PELs) or dots by scanning one
of the electrophotographic photoconductive drums. However, different average velocities of the laser beams in scanning
the electrophotographic photoconductive drums to produce the write lines on their surfaces result in the laser beams
moving different distances during the same time period to form the write lines.
[0011] Each write line scanned by a laser beam is divided into dots or PELs. To discharge an electrophotographic
photoconductive drum at desired dot locations, the laser diode is turned on. When no dot is to be printed, the laser
diode is turned off. To control the amount of energy delivered to the electrophotographic photoconductive drum to cre-
ate this latent image, prior art controls the amount of time that the laser beam is turned on and the intensity with which
the laser beam is turned on (via the amount of current passed through the laser diode).
[0012] To facilitate finer control of the energy delivered to discharge an individual PEL location on the electropho-
tographic photoconductive drum and of the location of the dot, each of the PELs can be subdivided further into slices,
referred to as PEL slices. If, for example, the PEL is divided into eight slices, then turning the laser on for four slices
delivers energy over 1/2 (4/8) of the time that the laser beam travels the distance of one PEL (1/600 of an inch or 600
dots per inch) on the electrophotographic photoconductive drum surface. In the preferred embodiment, the PEL is ener-
gized at the start of the PEL window, which includes all of the PEL slices comprising the PEL. However, it is not neces-
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sary for energization to be at the start of the PEL window.

[0013] In addition to ascertaining the average velocity of the laser beam across the electrophotographic photocon-
ductive drum, one embodiment of the electronic control arrangement of the present invention selectively adds PEL
slices to the clock timing pulses of a single fixed clock frequency employed for controlling the timing of laser beam ener-
gization and for counting the number of PEL slices between the start of scan (SOS) optical sensor and the end of scan
(EOS) optical sensor for each of the laser beams. The distance between the SOS sensor and the EOS sensor is a pre-
determined distance constituting a measuring line. The electronic control arrangement controls when the PEL slices
are added so that they are typically added at the end of the PEL where the laser beam is normally off.
[0014] In another embodiment, PEL slices may be either added or removed from the clock timing pulses to change
the number of the clock timing pulses in a PEL. During factory calibration, a determination is made as to whether the
PEL slices will be added or removed during the life of the printer.
[0015] The insertion or removal of PEL slices at the same location on each write line may create columns or bands.
These columns or bands may be visible on the printed media depending on the print pattern.
[0016] To avoid this possibility, the present invention contemplates offsetting the locations of the insertion or
removal of the PEL slices on adjacent write lines. One example would have a constant offset with adjacent write lines
having the start of the insertion or removal begin at different PELs. Another example would have different offset values
for adjacent write lines. The invention also contemplates changing the locations on a single write line of insertion or
removal of PEL slices so that they are not equal.
[0017] An object of this invention is to provide substantially equal lengths of laser beam write lines on each of a plu-
rality of photoconductor surfaces.
[0018] Another object of this invention is to control the length of a write line on a photoconductor of a laser printer
to maintain it substantially the same length at all times.
[0019] A further object of this invention is to add or remove PEL slices at selected locations in write lines.
[0020] Still another object of this invention is to selectively offset the locations at which PEL slices are added or
removed from adjacent write lines.
[0021] Other objects of this invention will be readily perceived from the following description, claims, and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The attached drawings illustrate preferred embodiments of the invention, in which:

FIG. 1 is a schematic diagram of a portion of a color laser printer utilizing the electronic control arrangement of the
present invention.
FIG. 2 is a schematic diagram showing the write line and the scan line on one of a plurality of electrophotographic
photoconductive drums of the color laser printer of FIG. 1 with the original write and scan lines being solid and the
write and scan lines after drift due to line magnification being dotted.
FIG. 3 is a block diagram of a logic circuit of the electronic control arrangement of the present invention in which
lengths of write lines are controlled by adding PEL slices with a separate circuit being used with each of the elec-
trophotographic photoconductive drums.
FIG. 4 is a timing diagram of various pulses occurring in the circuit of FIG. 3.
FIG. 5 is a timing diagram showing the relationship of various pulses with respect to the write and scan lines on one
of the electrophotographic photoconductive drums of the color laser printer of FIG. 1.
FIG. 6 is a block diagram of a logic circuit of the electronic control arrangement of the present invention for counting
the number of clock timing pulses between the start and end of a scan on one of the electrophotographic photo-
conductive drums by a laser beam with a separate circuit being used with each of the electrophotographic photo-
conductive drums.
FIG. 7 is a schematic diagram showing a fixture having optical sensors, which define a gage or measuring distance
between the optical sensors equal to the desired write line distance and used for calibration in place of each of the
electrophotographic photoconductive drums.
FIG. 8 is a block diagram of a circuit of the electronic control arrangement of the present invention.
FIG. 9 is a timing diagram of the clock timing pulses of FIG. 4 and the VIDEO pulses of FIG. 5 with a PEL slice
inserted in one of the output clock timing pulses.
FIG. 10 is a block diagram of another embodiment of a logic circuit, similar to FIG. 3, of the electronic control
arrangement of the present invention in which lengths of write lines are controlled by either adding or removing PEL
slices with a separate circuit being used with each of the electrophotographic photoconductive drums.
FIG. 11 is a block diagram of a multiplexer of FIG. 10 and three Bit-Clk load registers connected thereto to enable
either insertion or removal of PEL slices to control the length of write lines.
FIG. 12 is a block diagram of a circuit for offsetting the locations where PEL slices are added or removed in adjacent
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write lines with a constant offset being used in each write line.

FIG. 13 is a timing diagram of various pulses occurring in the circuit of FIG. 12.
FIG. 14 is a block diagram of another embodiment of a circuit for randomly offsetting the locations where PEL slices
are added or removed in adjacent write lines.
FIG. 15 is a block diagram of a circuit for use with the circuit of FIG. 12 or 14 in which PEL slices are added or
removed in a write line at random locations.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0023] Referring to the drawings and particularly FIG. 1, there is shown a portion of a color laser printer 10 having
four electrophotographic photoconductive drums 11, 12, 13, and 14. Each of the electrophotographic photoconductive
drums 11, 12, 13, and 14 has toner transferred to it through a toner adder roll 15 and a developer roll 16.
[0024] Each of the toner adder rolls 15 receives a toner of a specific color from a toner housing 17. The colors of
the toners for the four electrophotographic photoconductive drums 11, 12, 13, and 14 are yellow, cyan, magenta, and
black, respectively.
[0025] Each of the electrophotographic photoconductive drums 11, 12, 13, and 14, respectively, is scanned by laser
beams 20, 21, 22, and 23, respectively. The laser beam 20 is produced from a laser collimator 24, which includes a
laser, striking a rotating polygonal mirror 25 from which the reflected laser beam 20 is directed by two fold mirrors 26
and 27 to pass through a first f-theta lens 28, a fold mirror 29, and a second f-theta lens 30. Each of the other laser
beams 21, 22, and 23 is similarly produced by another of the laser collimators 24.
[0026] Each of the electrophotographic photoconductive drums 11, 12, 13, and 14 has a charge roll 31 to charge
it. A latent image is produced on each of the electrophotographic photoconductive drums 11, 12, 13, and 14 due to
modulation of the laser beams 20, 21, 22, and 23, respectively, which discharge the electrophotographic photoconduc-
tive drums 11, 12, 13, and 14, respectively, at those locations.
[0027] An image is then transferred to a first transfer media (FTM) 32, which may be an endless driven belt or a
sheet of media such as paper, for example, advanced by an endless belt. In either case, the FTM 32 passes between
the electrophotographic photoconductive drum 11 and a transfer roll 33, which has a sufficient charge to pull the yellow
image from the electrophotographic photoconductive drum 11 to transfer the yellow image to the FTM 32. In sequence,
the cyan, magenta, and black images from the electrophotographic photoconductive drums 12, 13, and 14, respectively,
are applied to the same portion of the FTM 32 to overlie the prior color or colors on the FTM 32. After passing the elec-
trophotographic photoconductive drum 14, the image on the FTM 32, if it is not a sheet of media advanced by an end-
less belt, is transferred to a sheet of media such as paper, for example, and fixed thereon.
[0028] The laser beams 20, 21, 22, and 23 begin scanning a new line across the electrophotographic photoconduc-
tive drums 11, 12, 13, and 14, respectively, each time a new facet on the respective rotating polygonal mirrors 25 inter-
cepts the respective laser beam path from its respective collimator 24. The motor for each of the rotating polygonal
mirrors 25 is controlled from the same clock frequency so that all rotate at essentially the same average velocity. Each
of the rotating polygonal mirrors 25 has the same number of facets (eight in the preferred embodiment but not limited
to that number). Accordingly, each of the laser beams 20, 21, 22, and 23 has equal rates of scans/second and, thus,
equal times for a scan.
[0029] This scan rate is based on the resolution in the cross-scan direction (scans/inch) at the electrophotographic
photoconductive drum multiplied by the surface velocity of the electrophotographic photoconductive drum (inches/sec-
ond). The rotational velocity of each of the rotating polygonal mirrors 25 is determined by this scan rate divided by the
number of facets on the rotating polygonal mirror 25. Therefore, this scan rate also can be expressed as the velocity of
the motor of the rotating polygonal mirror 25 multiplied by the number of facets on the rotating polygonal mirror 25.
[0030] The printer 10 has a separate Start of Scan (SOS) optical sensor 34 (see FIG. 2) for each of the four laser
beams 20 (see FIG. 1), 21, 22, and 23. The printer 10 has a separate End of Scan (EOS) optical sensor 35 (see FIG.
2) for each of the four laser beams 20 (see FIG. 1), 21, 22, and 23.
[0031] Each of the laser beams 20, 21, 22, and 23 is sensed by one of the SOS optical sensors 34 (see FIG. 2) and
one of the EOS optical sensors 35 during its scan over one of the four electrophotographic photoconductive drums 11,
12 (see FIG. 1), 13, and 14, respectively. The optical sensors 34 (see FIG. 2) and 35 are located outside of the write
line and at approximately the same distance from the second f-theta lens 30 for each of the laser beams 20 (see FIG.
1), 21, 22, and 23 as each of the four electrophotographic photoconductive drums 11, 12, 13, and 14, respectively. This
relation is shown in FIG. 2 for the laser beam 20 and the electrophotographic photoconductive drum 11.
[0032] The distance between the SOS optical sensor 34 (see FIG. 2) and the EOS sensor 35 is a predetermined
length and constitutes a measuring line. Due to tolerances, the predetermined length between the SOS optical sensor
34 and the EOS optical sensor 35 may vary slightly for the four sets of the optical sensors 34 and 35 of the printer 10
(see FIG. 1).
[0033] As shown in FIG. 5, a horizontal synchronization (Hsync) signal goes low when the SOS optical sensor 34
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(see FIG. 2) senses the laser beam 20, for example. When the Hsync signal goes low as shown in FIG. 5, a delay-to-
print time (DTP) begins.

[0034] The DTP time for each of the four laser beams 20 (see FIG. 1), 21, 22, and 23 may be different for each
beam to shift the start of writing location for each of the four laser beams 20 (see FIG. 1), 21, 22, and 23 to correct for
system variations in the scan direction. The value of the time of each of the DTP (see FIG. 5) is calibrated at the factory
so that modulation of each of the laser beams 20 (see FIG. 1), 21, 22, and 23 may begin at a different time but in each
case the write line begins at the end of the DTP time for the specific laser beam.
[0035] When the DTP time is completed, a low line synchronization (Lsync) pulse is produced to start modulation
of the laser beam 20 (see FIG. 1), 21, 22, or 23 as indicated by a VIDEO signal from one of VIDEO circuits 36 (see FIG.
8), 37, 38, and 39, respectively, varying between high and low in FIG. 5. The VIDEO circuits 36 (see FIG. 8), 37, 38,
and 39 receive PHXTL-OUT clock timing pulses from Insertion circuits 40, 41, 42, and 43, respectively. As shown in
FIG. 5, the Lsync signal goes high after a predetermined period of time but the modulation of the laser beam 20 (see
FIG. 1), 21, 22, or 23 continues until the total time for the write line expires as shown in FIG. 5.
[0036] There is a writing time (determined by the scan time and the scan efficiency) between starting and ending
of the write line on each of the four electrophotographic photoconductive drums 11 (see FIG. 1), 12, 13, and 14. With
the desired average velocity of the laser beam along the electrophotographic photoconductive drum, this would produce
a write line having a length of approximately 215.9 mm. However, the desired average velocity for each of the four elec-
trophotographic photoconductive drums 11, 12, 13, and 14 is not always obtained at the factory or it changes during
operation of the printer 10 due to heating in the printer 10 causing a change in line magnification.
[0037] When the laser beam 20 is sensed by the EOS optical sensor 35 (see FIG. 2), a low EOS pulse (see FIG.
5) is produced. The scan continues until the fixed time for scanning ends.
[0038] With a resolution of 600 dots per inch (dpi) and a writing line length of 215.9 mm (8.5 inches), the number
of individual print elements (PELs) or dots across the entire write line would be 5,100 PELs. The entire write line of 8.5"
is the width of the sheet of media.
[0039] With eight slices per PEL, 40,800 slices are produced for each write line. It should be understood that the
number of slices per PEL may be other than eight and the write line may be other than 8.5".
[0040] When power is initially applied to the printer 10 (see FIG. 1), a reset circuit generates a low POR (Power-On-
Reset) pulse (see FIG. 4) for a predetermined period of time. This predetermined period of time is sufficient to guaran-
tee that a Bit-Clk counter 45 (see FIG. 3), an Insert-Freq counter 46, and D-type flip flops 47 and 48 are initialized to
their desired states. The counters 45 and 46 are preferably 74 LS 161 type counters although each may be embedded
in a custom ASIC (application specific integrated circuit) device. After the predetermined period of time ends, the POR
signal goes high, as shown in FIG. 4, and remains in this state as long as the printer 10 (see FIG. 1) is powered up.
[0041] As shown in FIG. 3, the low POR pulse is applied through an AND gate 49 to a LOAD input of the counter
45. When the LOAD input of the counter 45 receives an active low synchronous input from the output of the AND gate
49 due to the low POR pulse, data from a Bit-Clk load register 50 is supplied to the counter 45. A typical loading of the
counter 45 is indicated in FIG. 4 at Bit-Clk.
[0042] The low POR pulse also is supplied to an AND gate 51 (see FIG. 3). The output of the AND gate 51 transmits
a logic low to a LOAD input of the counter 46 to load the count in the counter 46 from an Insert-Freq load register 52.
The counts in the registers 50 and 52 are determined by factory calibrations at the time of manufacture as will be
explained hereinafter.
[0043] Each of the counters 45 and 46 has a CLR input, which resets the count in the counter 45 or 46 to zero when
it receives an active low asynchronous input. Because each of the counters 45 and 46 is preloaded with an initial value
from the registers 50 and 52, respectively, the CLR input of each of the counters 45 and 46 is connected to a logic high
so that it is never utilized.
[0044] With the counter 45 being a four bit counter and there being eight slices per PEL, the counter 45 has a range
of 0 to FHex and is loaded with a value that is the 2's complement of the number of slices in a PEL. For the preferred
embodiment, a value of 8Hex is loaded from the register 50.
[0045] With the counter 46 being a sixteen bit counter, the counter 46 has a range of 0000 to FFFFHex and is
loaded with the 2's complement of the number of PELs between inserts of a PEL slice. As an example, if, at factory cal-
ibration, it was determined that a PEL slice should be inserted every 668 PELs, then a value of FD64Hex would be
loaded from the register 52.
[0046] The POR signal also is supplied to a PRE input of the flip flop 47. When the POR signal goes low, the output
Q of the flip flop 47 is set at a logic high.
[0047] A PELslice clock 53 (see FIG. 8) generates PHXTL-IN clock timing pulses at a factory calibrated fixed fre-
quency. These PHXTL-IN clock timing pulses are shown in FIG. 4.
[0048] The PHXTL-IN clock timing pulses are supplied from the PELslice clock 53 (see FIG. 8) to a CLK input of
the counter 45 (see FIG. 3) and a CLK input of the counter 46. Each time that the PHXTL-IN clock timing pulse goes
high, its positive edge increments the count in each of the counters 45 and 46 by one provided that an ENABLE input
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of each of the counters 45 and 46 is receiving an active high when its CLK input receives the positive edge of the
PHXTL-IN clock timing pulse. If the ENABLE input of either of the counters 45 and 46 is not receiving a high input, then
its count will not be incremented by the positive edge of the PHXTL-IN clock timing pulse.

[0049] Each of the counters 45 and 46 has an OVF output. This provides a logic high output for one clock timing
pulse input when the counter 45 or 46 increments to 0.
[0050] Each time that the OVF output of the counter 45 goes high, it is supplied to the ENABLE input of the counter
46 to increment its count when the next PHXTL-IN clock timing pulse goes up. Thus, each time that the count in the
counter 45 is at its maximum of eight, the count in the counter 46 increases by one. This is shown in FIG. 4 by each
high pulse on the OVF output of the Bit-Clk counter 45 increasing the count in the Insert-Freq counter 46 by one.
[0051] Each time that the OVF output of the counter 45 (see FIG. 3) goes high due to the counter 45 reaching its
maximum count of eight, the high OVF output of the counter 45 is supplied through an inverter 54 to the AND gate 49
whereby the LOAD input of the counter 45 receives the active low synchronous input from the AND gate 49 to load the
counter 45 again from the register 50.
[0052] The OVF output of the counter 45 also is one of two inputs to a NAND gate 55. The other input to the NAND
gate 55 is the OVF output of the counter 46.
[0053] The output of the NAND gate 55 is high unless both of its inputs are high. Accordingly, except when the
count in the counter 46 is at an overflow condition causing the OVF output to go high, the high from the NAND gate 55
enables the PHXTL-IN clock timing pulses to be supplied from an AND gate 56 as PHXTL-OUT clock timing pulses.
Thus, as shown in FIG. 4, the PHXTL-OUT clock timing pulses track the PHXTL-IN clock timing pulses as long as the
OVF output of the counter 46 (see FIG. 3) is not high.
[0054] Therefore, only when the OVF output of the counter 46 goes high is there a low output from the NAND gate
55 since the OVF output of the counter 45 is always high when the OVF output of the counter 46 is high. When this
occurs, there is no PHXTL-OUT clock timing pulse from the output of the AND gate 56 for one count because the output
of the NAND gate 55 remains low as shown in FIG. 4. This low output from the AND gate 56 (see FIG. 3) stretches the
clock pulse for the current PEL slice to a length of two clock cycles as shown in FIG. 9 to effectively insert an additional
PEL slice for each of the laser beams 20 (see FIG. 8), 21, 22, or 23 with which the circuit of FIG. 3 is utilized. That is,
there is one of the circuits of FIG. 3 as part of the Insertion circuits 40 (see FIG. 8), 41, 42, and 43 for the four laser
beams 20, 21, 22, and 23, respectively.
[0055] Since each of the VIDEO circuits 36 (see FIG. 8), 37, 38, and 39 utilizes the PHXTL-OUT signal as its clock
timing base, the clock stretching at each of the insertion circuits 40, 41, 42, and 43, respectively, causes the output of
the synchronous logic within the video circuits 36, 37, 38, and 39 to remain in a static state. This includes the output of
each of the VIDEO circuits 36, 37, 38, and 39, which control the corresponding laser beams 20 (see FIG. 8), 21, 22,
and 23, respectively.
[0056] When the output from the NAND gate 55 (see FIG. 3) goes low, a low signal is latched at the D input of the
flip flop 47. This causes the Q output of the flip flop 47 to go low on the positive edge of the next PHXTL-IN clock timing
pulse at CLK input of the flip flop 47 whereby the output of the AND gate 51 goes low. This low output from the AND
gate 51 results in the LOAD input of the counter 46 receiving an active low synchronous input to cause the data to be
loaded into the counter 46 from the register 52.
[0057] When the OVF output of the counter 46 goes high, the OVF output of the counter 45 also goes high at that
time. Accordingly, both of the counters 45 and 46 are reloaded at the same time. Of course, the counter 45 is reloaded
many more times than the counter 46.
[0058] The flip flop 48 has its Q output connected to the ENABLE input of the counter 45. The flip flop 48 has its D
input always high.
[0059] When the Hsync signal goes low due to the SOS sensor 34 (see FIG. 2) sensing the corresponding laser
beam 20 (see FIG. 8), 21, 22, or 23 with which the circuit of FIG. 3 is utilized, the flip flop 48 receives a logic low at its
CLR input. This results in its Q output going to zero since the Lsync signal, which is supplied to the PRE input of the flip
flop 48, is high when the Hsync signal goes low as shown in FIG. 5.
[0060] The Lsync signal goes low when it is desired to write through changing the VIDEO output signal of each of
the VIDEO circuits 36 (see FIG. 8), 37, 38, and 39 between logic high and low values as the laser beam 20, 21, 22, or
23, respectively, is modulated. At this time, the Hsync signal (see FIG. 5) has already gone high. Therefore, the low
Lsync signal at the PRE input of the flip flop 48 (see FIG. 3) sets its Q output to logic high.
[0061] As previously mentioned, the Q output of the flip flop 48 is connected to the ENABLE input of the counter
45. This allows the counter 45 to increment by a count of one when it receives the positive edge of the next PHXTL-IN
clock timing pulse. Accordingly, the Q output of the flip flop 48 remains high until the next Hsync signal is received at
the start of the next scan at the CLR input of the flip flop 48.
[0062] During factory calibration, the printer 10 (see FIG. 1) has a separate fixture 60 (see FIG. 7) for each of the
laser beams 20 (see FIG. 1), 21, 22, and 23. Each of the fixtures 60 (see FIG. 7) has a surface 61 located in the printer
10 (see FIG. 1) at the same level as would be occupied by each of the electrophotographic photoconductive drums 11,
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12, 13, and 14 during normal printer operations. Each of the fixtures 60 (see FIG. 7) is employed to adjust one of the
four laser beams 20 (see FIG. 1), 21, 22, and 23 for skew and offset so that all four of the laser beams 20, 21, 22, and
23 impinge on the electrophotographic photoconductive drums 11, 12, 13, and 14, respectively, at the correct location
to result in parallel images on the print media.

[0063] The surface 61 (see FIG. 7) of each of the fixtures 60 has two optical sensors 62 and 63 positioned thereon
at a fixed distance, Xg, from each other and less than the effective distance swept across each of the electrophoto-
graphic photoconductive drums 11 (see FIG. 1), 12, 13, and 14 between the optical sensors 34 (see FIG. 2) and 35. Xg
is 215.9 mm ± 20 microns and is the desired length of the write line. The exact distance, Xg, between the two optical
sensors 62 (see FIG. 7) and 63 on each of the fixtures 60 is determined by using a calibration procedure.
[0064] Because of manufacturing tolerances, the exact distance, Xg, between the two optical sensors 62 and 63 on
each of the fixtures 60 will be slightly different. Thus, it is necessary to determine these different distances for Xg and
correct the lengths of the write lines of the laser beams 20 (see FIG. 1), 21, 22, and 23 to be substantially equal to each
other and substantially equal to the desired distance of 215.9 mm.
[0065] In Table 1, the actual values of Xg, Xs, Li, and Vi set forth are assumed to provide an example. No tests have
been run but these assumed values show how factory calibration is made.
[0066] Xs is the distance between the optical sensors 34 (see FIG. 2) and 35. Li identifies the initial length of the
write line of each of the laser beams 20 (see FIG. 1), 21, 22, and 23.
[0067] The initial average velocity, Vi, of each of the laser beams 20, 21, 22, and 23 is in mm/sec. This is deter-
mined by the time that it takes for one of the laser beams 20, 21, 22, and 23 to move between the two optical sensors
62 (see FIG. 7) and 63 on the corresponding fixture 60.
[0068] In each of Tables 1-4, C20 identifies the write line of the laser beam 20 (see FIG. 1) on the electrophoto-
graphic photoconductive drum 11, C21 identifies the write line of the laser beam 21 on the electrophotographic photo-
conductive drum 12, C22 identifies the write line of the laser beam 22 on the electrophotographic photoconductive drum
13, and C23 identifies the write line of the laser beam 23 on the electrophotographic photoconductive drum 14

[0069] In Table 1, Cg1 represents the number of PELslice counts, at the frequency of the PELslice clock 53 (see
FIG. 8), measured between the two optical sensors 62 (see FIG. 7) and 63 on the related fixture 60 at the factory cali-
bration. Cs1 represents the number of PELslice counts at the frequency of the PELslice clock 53 (see FIG. 8) measured
between the optical sensors 34 (see FIG. 2) and 35 at the factory calibration.
[0070] V1 is the average velocity in mm/sec of each of the laser beams 20 (see FIG. 1), 21, 22, and 23 as it travels
between the two optical sensors 62 (see FIG. 7) and 63 on one of the fixtures 60 for each of the laser beams 20 (see
FIG. 1), 21, 22, and 23.
[0071] For each of the laser beams 20, 21, 22, and 23, V1 is calculated using the following equation:

(1)

where Ti is the initial time period for a PELslice clock timing pulse or count and is equal to 13.87 nanoseconds in this
example.
[0072] The line length, L1, of the write line is then calculated for each of the laser beams 20, 21, 22, and 23 by using
the average velocity V1, determined by equation (1), for each of the laser beams 20, 21, 22, and 23 in the following
equation:

V1 = Xg/(Cg1 x Ti) mm/sec
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(2).

[0073] Since all four of the write lines C20, C21, C22, and C23 of Table 1 for the four laser beams 20, 21, 22, and
23, respectively, have the same writing time, the length, L1, of the longest of the four write lines C20, C21, C22, and
C23 will be the write line having the highest velocity. From the data in Table 1, C20 has the longest length of the four
write lines C20, C21, C22, and C23.
[0074] The next step is to adjust the frequency of the PELslice clock 53 (see FIG. 8) so that the length of the longest
of the four write lines C20, C21, C22, and C23 is approximately 215.9 mm. Then, it is necessary to adjust the other write
lines to the length of C20 at the new fixed frequency of the PELslice clock 53.
[0075] Accordingly, a new selected fixed frequency, f1, of the PELslice clock 53 is calculated from the initial meas-
urements as follows:

(3).

(4).

where fi is the initial fixed frequency of the PELslice clock 53.
Li is the length of the write line C20 in this example.

[0076] Therefore, T1 (the new PEL slice time period for the write line C20 in this example) is

(5).

[0077] Wt1 is the write time for 40,800 PEL slices per write line. Thus,

(6).

[0078] Equations (4) - (6) produce the following calculated values: f1 = 72.32 MHz, T1 = 13.83 nanoseconds, and
Wt1 = 564.16 microseconds.
[0079] Xg, Xs, and V1 remain constant as the frequency of the PELslice clock 53 (see FIG. 8) changes because
they are independent from the PEL slice timing. With the frequency of the PELslice clock 53 now being f1 (the new
selected fixed frequency), the number of counts measured between the optical sensors 62 (see FIG. 7) and 63 in the
fixture 61 is Cg2. Likewise, the number of the PELslice clock timing pulses at frequency f1 measured between the opti-
cal sensors 34 (see FIG. 2) and 35 is Cs2.
[0080] A CS counter 65 (see FIG. 6), which is preferably a 74 LS 161 type counter although it could be implemented
in a custom ASIC module, counts the number of PELslice clock timing pulses, PHXTL-IN, as one of the laser beams 20
(see FIG. 1), 21, 22, and 23 moves from the optical sensor 34 (see FIG. 2) to the optical sensor 35. There is a separate
one of the counters 65 (see FIG. 6) for each of the laser beams 20 (see FIG. 1), 21, 22, and 23. Thus, one of the
counters 65 (see FIG. 6) is in each of the Insertion circuits 40 (see FIG. 8), 41, 42, and 43.
[0081] The counter 65 (see FIG. 6) has its ENABLE input connected to Q output of a D-type flip flop 66. When the
printer 10 (see FIG. 1) is turned on, the POR signal goes low, as shown in FIG. 4, to supply a low pulse through an AND
gate 67 (see FIG. 6) to a CLR input of the counter 65. This low output from the AND gate 67 resets the counter 65 to
zero.
[0082] Thus, after the POR signal returns to its high level, the AND gate 67 goes high. Then, when the Hsync signal
goes low while the Enable-CS signal is low, the Q output of the flip flop 66 goes high to enable the CS counter 65 to
start counting. Each of the PHXTL-IN clock timing pulses to CLK input of the counter 65 is counted on its positive edge
as long as the ENABLE input of the counter 65 is high.
[0083] A microprocessor 68 (see FIG. 8) causes an Enable-CS signal to go low as shown in FIG. 5 prior to the OR
gate 69 (see FIG. 6) receiving the low Hsync signal. When the laser beam 20 (see FIG. 1), 21, 22, or 23 is sensed by
the SOS optical sensor 34 (see FIG. 2), an Hsync signal goes low as shown in FIG. 5.
[0084] Accordingly, with two low signals being supplied to the OR gate 69 (see FIG. 6), its output supplies a logic
low to PRE input of the flip flop 66. This latches the Q output of the flip flop 66 in a high state so that the counter 65
begins to count the PHXTL-IN clock timing pulses at the same time that the SOS optical sensor 34 (see FIG. 2) senses
the presence of the laser beam 20 (see FIG. 1), 21, 22, or 23. The Q output of the flip flop 66 (see FIG. 6) will remain
high until it receives a low on the CLR input.
[0085] When the EOS optical sensor 35 (see FIG. 2) senses the presence of the laser beam 20 (see FIG. 1), 21,
22, or 23, an EOS signal goes low as shown in FIG. 5. This causes the CLR input of the flip flop 66 (see FIG. 6) to go
low. As a result, the Q output of the flip flop 66 goes low to stop the counter 65 from counting the PHXTL-IN clock timing

L1 = V1 x Write Time

f1 = (40,800 counts/line x V1)/215.9

or f1 = (Li/215.9) fi

T1 = 1/f1

Wt1 = 40,800 x T1
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pulses.

[0086] Even though the EOS signal stays low for only a very short period of time, the Q output of the flip flop 66
stays low. This is because the PRE input of the flip flop 66 is high.
[0087] As shown in FIG. 5, the microprocessor 68 (see FIG. 8) causes a Read-CS signal to go low. The low Read-
CS signal is supplied to an ENABLE input of a tri-state buffer 73 (see FIG. 6). The low Read-CS signal causes the buffer
73 to transfer the count in the counter 65 to a data bus.
[0088] After the microprocessor 68 (see FIG. 8) changes the state of the Read-CS signal as shown in FIG. 5, the
count in the counter 65 (see FIG. 6) is returned to zero shortly thereafter. This is because a Clear-CS signal goes low,
as shown in FIG. 5, shortly after the Read-CS signal goes high whereby the output of the AND gate 67 (see FIG. 6) is
low. This low output from the AND gate 67 causes the CLR input of the counter 65 to be reset to zero by this low asyn-
chronous input.
[0089] Accordingly, the counter 65 is able to obtain the count of the PHXTL-IN clock timing pulses indicating the
time for the laser beam 20 (see FIG. 1), 21, 22, or 23 to move between the two optical sensors 34 (see FIG. 2) and 35.
[0090] L2 is the new length of each of the write lines C20, C21, C22, and C23 after adjusting the frequency at the
factory to the selected fixed frequency. All of these values are shown in Table 2.

[0091] The ratio of Cg2/Cs2 in Table 2 is calculated after the two measurements (Cg2 and Cs2) are taken. This ratio
is stored in the non-volatile RAM of the printer 10 (see FIG. 1) since the fixtures 60 (see FIG. 7) are removed from the
printer 10 (see FIG. 1) after factory calibration. Therefore, this ratio is used to always approximate the Cg distance from
the Cs distance obtained during operation of the printer 10 since the Cg distance cannot be measured after the fixtures
60 (see FIG. 7) are removed from the printer 10 (see FIG. 1).
[0092] With the write line C20 having been adjusted to the desired length by changing the frequency of the PELslice
clock 53 (see FIG. 8) to f1, it is necessary to adjust the length of each of the write lines C21, C22, and C23 to be essen-
tially the same as the write line C20. With AS2 (see Table 3) representing the difference in PELslice counts between
the count of Cg2 for the write line C20 and the count of Cg2 for each of the other write lines C21, C22, and C23, the
difference in counts is obtained.
[0093] Delta length (see Table 2) is the difference in mm between the longest write line C20 and each of the other
write lines C21, C22, and C23.
[0094] With the additional PELslice clock timing pulses added to the original 40,800 PELslice clock timing pulses
of each of the write lines C21, C22, and C23, a new write time (Wt2) is obtained from the following equation:

(7).

Substituting 40,800 x T1 for Wt1 in equation (7),

(8).

[0095] In Table 3, L3 represents the new actual (assumed) length of each of the write lines C20, C21, C22, and C23
after adjusting the frequency of the PELslice clock 53 (see FIG. 8) to f1 (the selected fixed frequency) and adding the
number of PEL slices set forth in Table 2 under Added Slices and as AS2 in Table 3.

TABLE 2

Line Actual L2 Measured
Cg2

Measured
Cs2

Calculated
Ratio

PELslice Size Delta Length Added Slices

C20 215.900 40799 44033 93% 0.00529 0.000 0

C21 215.551 40865 43938 93% 0.00528 0.349 66

C22 214.505 41065 44243 93% 0.00526 1.395 266

C23 214.853 40998 43982 93% 0.00527 1.047 199

Wt2 = Wt1 + (AS2 x T1)

Wt2 = (40,800 + AS2) x T1

5

10

15

20

25

30

35

40

45

50

55



EP 1 061 729 A2

10

[0096] Accordingly, when the printer 10 (see FIG. 1) is shipped from the factory, the length, L3, of each of the write
lines C20, C21, C22, and C23 is almost the same as shown in Table 3. Furthermore, the frequency f1 is the frequency
at which the PELslice clock 53 (see FIG. 8) produces clock timing pulses, PHXTL-IN, for each of the write lines C20,
C21, C22, and C23.
[0097] In operation, thermal changes in the printer 10 (see FIG. 1) can cause the lengths of the write lines C20,
C21, C22, and C23 to drift as shown by the example in Table 4.

The number of counts between the optical sensors 34 (see FIG. 2) and 35 in the printer 10 (see FIG. 1) is periodically
measured during operation of the printer 10. As the printer 10 heats up and cools down during operation, the lengths
of the write lines C20, C21, C22, and C23 will increase or decrease due to the effects of the optical components of the
printer 10.
[0098] Cs4, the new Cs count, is multiplied by the ratio of Cg2/Cs2, as shown in Table 3 and obtained during factory
calibration, to calculate the new Cg4 count in Table 4. The difference in PELslice clock counts between Cg2 and Cg4
reflects a change in the length of the write line as shown in Table 4. The write line with the largest Cg2-Cg4 value is the
new longest write line.
[0099] In Table 4, AS4 represents the number of PELslice clock timing pulses to be added to each of the write lines
C20, C21, C22, and C23. AS4 is calculated by subtracting the largest value of Cg2-Cg4 from the respective values of
Cg2-Cg4.
[0100] The actual length after change of each of the write lines C20, C21, C22, and C23 is identified as L4. L5 rep-
resents the actual length of each of the write lines C20, C21, C22, and C23 after the additional PELslice clock timing
pulses, AS4, have been inserted for each of the write lines C20, C21, C22, and C23.
[0101] In Table 4, Wt4 is the new write time for each of the write lines C20, C21, C22, and C23 after the additional
PELslice clock timing pulses have been added to the write lines C20, C21, C22, and C23. Wt4 is calculated by the fol-
lowing equation:
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[0102] The previously disclosed circuitry enables all of these PELslice counts to be inserted at the desired positions
in the clock timing pulses produced by the clock 53 (see FIG. 8).
[0103] Referring to FIG. 10, there is shown a modification of the logic circuit of FIG. 3 and the VIDEO circuits 36
(see FIG. 8), 37, 38, and 39 in which control of the length of the write line may be accomplished through either adding
or removing PEL slices. The circuit of FIG. 10 includes a new control signal, identified as PEL-CLK, to each of the
VIDEO circuits 36 (see FIG. 8), 37, 38, and 39. On the rising edge of the PEL-CLK signal, each of the VIDEO circuits
36 (see FIG. 8), 37, 38, and 39 images the next PEL. The number of slices in the PEL-CLK period is determined by the
value loaded into the Bit-Clk counter 45 (see FIG. 10).
[0104] Instead of the counter 45 receiving its input from a Bit-Clk load register 50 (see FIG. 3), the counter 45 has
its inputs supplied from one of three Bit-Clk load registers 75 (see FIG. 11), 76, and 77. Each of the three Bit-Clk load
registers 75, 76, and 77 is a four bit register.
[0105] Each of the three Bit-Clk load registers 75, 76, and 77 has its output supplied to a multiplexer 78. Two input
lines 79 and 80 are connected to S0 and S1 inputs, respectively, of the multiplexer 78 to determine which of the three
Bit-Clk load registers 75, 76, and 77 has its output supplied through the multiplexer 78 to the counter 45 (see FIG. 10).
[0106] When the output of the Bit-Clk load register 75 (see FIG. 11) is selected through the multiplexer 78 to be
loaded into the counter 45 (see FIG. 10), a PEL slice will be added to the write line. When the output of the Bit-Clk load
register 76 (see FIG. 11) is selected through the multiplexer 78 to be loaded into the counter 45 (see FIG. 10), no PEL
slice will be added to or removed from the write line. When the output of the Bit-Clk load register 77 (see FIG. 11) is
selected through the multiplexer 78 to be loaded into the counter 45 (see FIG. 10), a PEL slice will be removed from the
write line.
[0107] Accordingly, because the counter 45 is an up-counter, when the output of the Bit-Clk load register 75 (see
FIG. 11) is utilized, the 2's complement of nine, which is seven, is supplied through the multiplexer 78 to the counter 45
(see FIG. 10). Use of the output of the Bit-Clk load register 76 (see FIG. 11) provides the 2's complement of eight, which
is eight, to the counter 45 (see FIG. 10) from the multiplexer 78. When the output of the Bit-Clk load register 77 (see
FIG. 11), is loaded into the counter 45 (see FIG. 10) through the multiplexer 78, the 2's complement of seven, which is
nine, is supplied to the counter 45.
[0108] Another change in the logic circuit of FIG. 10 from the logic circuit of FIG. 3 is the omission of the AND gate
56. The PHXTL-OUT clock timing pulses track the PHXTL-IN clock timing pulses and have the same timing. There is
no omission of any of the PHXTL-IN clock timing pulses by the PHXTL-OUT clock timing pulses.
[0109] As shown in FIG. 10, the output of the NAND gate 55 is still supplied to the D input of the flip flop 47. Addi-
tionally, the output of the NAND gate 55 is supplied over the line 79 (see FIG. 11) to the S0 input of the multiplexer 78.
The multiplexer 78 has the S1 input connected by the line 80 to receive an input from the microprocessor 68 (see FIG.
8).
[0110] The output of the NAND gate 55 (see FIG. 10) is normally high unless a PEL slice is to be added or removed
from the write line. That is, when the OVF output of the counter 46 goes high at the same time that the OVF output of
the counter 45 goes high, the NAND gate 55 has a low output.
[0111] If no PEL slice is to be added or removed, then the count in the load register 52 is so large that the OVF out-
put of the counter 46 never goes high during one scan line. Thus, the output of the NAND gate 55 always remains high
when no PEL slice is to be added or removed.
[0112] Accordingly, when the NAND gate 55 is low, outputs Q0 (see FIG. 11), Q1, Q2, and Q3 of the multiplexer 78
receive their inputs from either I0, I1, I2, and I3 inputs or K0, K1, K2, and K3 inputs. The following table shows the rela-
tion between the states of the S0 and S1 inputs of the multiplexer 78 that determine from which of the three load regis-
ters 75, 76, and 77 that the Q0, Q1, Q2, and Q3 outputs receive their inputs:

[0113] With the NAND gate 55 (see FIG. 10) having a high output, the inputs to the Q0-Q3 outputs (see FIG. 11) of

S1 S0 Q outputs

0 0 I

0 1 J

1 0 K

1 1 L.

Wt4 = Wt1 + (AS2 x T1) + (AS4 x T1).
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the multiplexer 78 are received from the load register 76 irrespective of whether the logic circuit is operating in the PEL
slice add mode or the PEL slice remove mode.

[0114] When the logic circuit of FIG. 10 is operating in the PEL slice add mode, the microprocessor 68 (see FIG. 8)
provides a high on the line 80 (see FIG. 10) to the S1 input of the multiplexer 78. This results in the multiplexer 78 rout-
ing its K0-K3 inputs, which are loaded from the load register 75 (see FIG. 11), which has a value of 7 stored therein, to
the Q0-Q3 outputs.
[0115] When the logic circuit of FIG. 10 is operating in the PEL slice remove mode, the microprocessor 68 (see FIG.
8) supplies a low over the line 80 (see FIG. 11) to the S1 input of the multiplexer 78. This results in multiplexer 78 routing
its I0-I3 inputs, which are loaded from the load register 77 (see FIG. 11), which has a value of nine stored therein, to
the Q0-Q3 outputs.
[0116] It is determined by the lengths of the write lines as to which mode that the logic circuit of FIG. 10 will operate.
[0117] The value of nine or seven is loaded into the counter 45 (see FIG. 10) for only one PEL of counting in the
counter 45. For the remainder of the counting by the counter 46, the counter 45 is loaded with the value of eight. Thus,
there is only the count of nine, for example, causing a high from the OVF output of the counter 45 one time during the
counting by the counter 46 before its OVF output goes high. This results in the OVF output of the counter 46 reaching
its high one count sooner to cause the removal of one PEL slice.
[0118] In FIG. 3, the PEL slices are inserted in each write line without any consideration of how these inserts align
with adjacent write lines. In FIG. 10, the PEL slices are inserted in or removed from each write line without any consid-
eration of how these inserts or removals align with adjacent write lines. That is, all of the PEL slices are inserted or
removed at the same PEL positions for each write line to form columns of inserted or removed slices in the process
direction. These aligned columns may be visible on the print media depending on the printed pattern. For example, with
5,100 PELs per write line and 51 PEL slices to insert or remove, each new PEL slice would be added or removed every
100 (5100/51) PELs. Accordingly, the first PEL slice would be inserted or removed at PEL 100, the second at PEL 200,
the third at PEL 300, and the fourth at PEL 400. This same spacing is repeated throughout the write line of 5,100 PELs.
[0119] To avoid the possibility of visible print artifacts on the media at the locations where the PEL slices are
inserted or removed, an offset of the locations of insertion or removal of the PEL slices may be employed. This distrib-
utes the inserted or removed slices so that they do not form a visible column or pattern. For example, in a regular offset,
each write line may have a constant offset of the same number of PELs such as 25 PELs from adjacent write lines, for
example.
[0120] Referring to FIG. 12, there is shown a circuit for use with the logic circuit of FIG. 3 or 10 to produce a regular
offset. The circuit includes a step size register 85 having a value stored therein such as 25, for example, as previously
discussed. The value in the step size register 85 is supplied to a B input of an adder 86. The adder 86 has its A input
receiving feedback of the value of a Q output of an offset register 87.
[0121] The offset register 87 is loaded with the F output of the adder 86 to D input each time that a high Begin-Write
pulse is supplied to a LOAD input of the offset register 87 from a Q output of a D-type flip flop 88. The output of the
adder 86 is the sum of the previous value stored in the offset register 87 and the value stored in the step size register
85. The step size register 85, the adder 86, the offset register 87, the flip flop 88, an OR gate 90, and a NOR gate 91
comprise an offset logic circuit 89.
[0122] When the power is turned on, the POR signal is low. The POR signal is inverted to a high at CLR input of
the flip flop 88. This clears the Q output of the flip flop 88 so that it is 0.
[0123] The Begin-Write pulse goes high for one PHXTL-IN period on the first PHXTL-IN rising edge after the Lsync
signal goes low as shown in FIG. 13. With the Begin-Write signal high, the output of the NOR gate 91 (see FIG. 12)
returns to a low state. Thus, next rising edge of PHXTL-IN will return the Begin-Write signal to a low state; this insures
that the offset register 87 is loaded only once as a result of the assertion of the active-low Lsync signal.
[0124] The low POR signal also is inverted prior to its supply as one input to the OR gate 90. This causes the OR
gate 90 to initially have a high output, which is supplied to a CLR input of the offset register 87. This sets the Q output
of the offset register 87 at 0.
[0125] When the Lsync signal goes low prior to the start of each write line as shown in FIG. 13, both inputs to the
NOR gate 91 (see FIG. 12) are low whereby its high output is supplied to the D input of the flip flop 88. The next of the
PHXTL-IN clock timing pulses, which are supplied to CLK input of the flip flop 88, causes transfer of the high on the D
input of the flip flop 88 to the Q output of the flip flop 88.
[0126] Therefore, when the Begin-Write pulse at the Q output of the flip flop 88 goes high, it causes the offset reg-
ister 87 to load the value of the F output of the adder 86 into the offset register 87 on the next PHXTL-IN clock timing
pulse. The Q output of the offset register 87 is fed back to the A input of the adder 86 so that at the beginning of the
next write line the offset register 87 will be loaded with its current value plus the value stored in the step size register
85. The Begin-Write pulse goes high only once each write line to cause the offset register to be loaded only once each
write line.
[0127] The offset register 87 has its QN output, which is the inverse of the Q output, connected to an A input of a
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multiplexer 92. The multiplexer 92 has its B input connected to the output of the load register 52. As previously dis-
cussed, the load register 52 has a value therein equal to the spacing between PELs at which each PEL slice is to be
inserted in or removed from a write line.

[0128] The multiplexer 92 has either the A or B input as its Y output depending on the state of its S input. The Y
output of the multiplexer 92 is connected to the inputs of the Insert-Freq counter 46.
[0129] The S input of the multiplexer 92 is the same as the Hsync signal. When the Hsync signal is low at the start
of a write line, the A input to the multiplexer 92 is routed to the Y output. This is the QN output of the offset register 87.
[0130] When the Hsync signal is high, the B input to the multiplexer 92 is routed to the Y output. This is the output
of the load register 52.
[0131] As shown in FIG. 13, while the Hsync signal is high when the Lsync signal goes low, it is low prior thereto.
Accordingly, the Q output (see FIG. 12) of the offset register 87 is first loaded in the counter 46 prior to the Lsync signal
going low. Thus, the change in the Q output of the offset register 87 will actually be applied to the counter 46 on the
subsequent write line.
[0132] Therefore, during POR, QN is FF since the offset register 87 was cleared. Thus, the first PEL slice is
inserted or removed at PEL 1.
[0133] Since the Q output of the offset register 87 is fed back to the A input of the adder 86, the Q output of the
offset register 87 has a value of 0 for the first write line and a value of 25 for the second write line in the example where
the step size register 85 is loaded with a constant value of 25. With the constant value of 25 supplied to the input B of
the adder 86, the Q output of the offset register 87 has a value of 50 for the third write line.
[0134] When the Q output of the offset register 87 reaches a value of 125, the next cycle causes the adder 86 to
have its OVF output provide a high to a CLR input of the offset register 87 through the OR gate 90. This is because the
adder 86 is preferably a seven bit adder so that its OVF output goes high when the value at the F output exceeds 127.
[0135] Because the offset register 87 supplies a seven bit output while the counter 46 is preferably a sixteen bit
counter, the input to the multiplexer 92 is expanded to sixteen by tying the upper nine bits to a high logic state. This is
shown in Table 5. When the OVF output of the adder 86 goes high, the Q output of the offset register 87 is set to zero
for the next cycle (seventh write line) as disclosed in Table 5.

[0136] As shown in Table 5, insertion or removal of PEL slices in the first write line would begin at PEL 1. In the
second write line, insertion or removal of PEL slices would begin at PEL 26 (1+25). The third write line would have inser-
tion or removal of PEL slices start at PEL 51 (1+50). In the fourth write line, insertion or removal of PEL slices would
begin at PEL 76 (1+75). The fifth write line would have the first PEL slice inserted or removed at PEL 101 (1+100), and
insertion or removal of PEL slices would start at 126 (1+125) in the sixth write line. After this insertion or removal of the
PEL slices for the six write lines, the sequence would be repeated for the next six write lines.

TABLE 5

Step Size Offset Q Offset Q (binary) Offset QN
(binary)

Multiplex 92 input
from Offset QN

(binary)

Location of first
PEL slice inser-
tion or removal

Write Line 1 25 0 0000000 1111111 1111111111111111 PEL 1

Write Line 2 25 25 0011001 1100110 1111111111100110 PEL 26

Write Line 3 25 50 0110010 1001101 1111111111001101 PEL 51

Write Line 4 25 75 1001011 0110100 1111111110110100 PEL 76

Write Line 5 25 100 1100100 0011011 1111111110011011 PEL 101

Write Line 6 25 125 1111101 0000010 1111111110000010 PEL 126

Write Line 7 25 0 0000000 1111111 1111111111111111 PEL 1

Write Line 8 25 25 0011001 1100110 1111111111100110 PEL 26
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[0137] Table 6 shows the locations of PEL slice insertion or removal when the adder 86 (see FIG. 12) does not have
the OVF output connected to the OR gate 90. In this modification of the circuit of FIG. 12, the seven-bit adder 86 per-
forms the function F = (A+B) Modulo 128 so that the F output contains the lower seven bits of the addition operation.
[0138] FIG. 14 discloses a circuit producing a pseudo-random offset value to be applied for the duration of each
write line. As opposed to the circuit of FIG. 12 wherein each write line is offset from the previous write line by the amount
stored in the step size register 85, the circuit of FIG. 14 offsets each write line by a pseudo-random number fetched from
the random offset ROM 96. In this configuration, the offset applied to the PEL slices of each write line is unrelated to
the offset applied to adjacent write lines.
[0139] The circuit of FIG. 14 includes the Insert-Freq counter 46, the Insert-Freq load register 52, and the multi-
plexer 92 of the circuit of FIG. 12. The multiplexer 92 is controlled by the state of the Hsync signal in the same manner
as described relative to FIG. 12.
[0140] The flip flop 88 and the NOR gate 91 also are utilized in the same manner as described with respect to FIG.
12. The Q output of the flip flop 88 generates a high Begin-Write pulse in the same manner as described with respect
to FIG. 12.
[0141] In the circuit of FIG. 14, the Begin-Write pulse is supplied to an ENABLE input of an address counter 95. The
address counter 95 has its Q output connected to an AD input of a random offset ROM 96. The random offset ROM 96
includes a plurality of addresses with each containing a different offset value, which was randomly generated externally
and then stored in the random offset ROM 96.
[0142] Accordingly, after each time that the address counter 95, which is preferably a seven bit counter, receives a
high Begin-Write pulse at its ENABLE input, the next PHXTL-IN clock timing pulse to CLK input of the address counter
95 increments the Q output of the address counter 95 by a count of one. When the Q output of the address counter 95
increments by one, a new address in the random offset ROM 96 is selected.
[0143] Each address in the ROM 96 has a different random value. This random value is supplied from Q output of
the ROM 96 to the multiplexer 92. In the same manner as described with regard to FIG. 12, the Q output of the ROM
96 (see FIG. 14) is routed by the multiplexer 92 to the counter 46 prior to the start of the write line. The value stored in
the load register 52 is equal to the spacing between the PELs at which a PEL slice is inserted or removed and is routed
to the counter 46 through the multiplexer 92 for the remainder of the write line.
[0144] It should be understood that the ROM 96 could be a RAM, if desired. The RAM would be loaded by software
from the microprocessor 68 (see FIG. 8).
[0145] The flip flop 88 (see FIG. 14), the NOR gate 91, the address counter 95, and the random offset ROM 96
comprise an offset logic circuit 97.
[0146] Referring to FIG. 15, there is shown a circuit in which random placement or removal of each of the PEL
slices may be utilized with the offset logic circuit 89 (see FIG. 12), the modified arrangement of the offset logic circuit
89 as shown by Table 6, or the offset logic circuit 97 (see FIG. 14).
[0147] Furthermore, the circuit of FIG. 15 could be utilized without any offset logic circuit. That is, only the load reg-
ister 52 would be connected to the input A of the adder 100. This would result in random placement of a PELslice addi-
tion or subtraction throughout each write line with no offset of where the PEL slices are inserted or removed.
[0148] The output of the multiplexer 92 (see FIG. 15) is supplied to an input A of an adder 100. A random placement
logic circuit 101 includes a random placement ROM 102 and an address counter 103. The random placement ROM 102

TABLE 6

Step Size Offset Q Offset Q (binary) Offset QN
(binary)

Multiplex 92 input
from Offset QN

(binary)

Location of first
PEL slice inser-
tion or removal

Write Line 1 25 0 0000000 1111111 1111111111111111 PEL 1

Write Line 2 25 25 0011001 1100110 1111111111100110 PEL 26

Write Line 3 25 50 0110010 1001101 1111111111001101 PEL 51

Write Line 4 25 75 1001011 0110100 1111111110110100 PEL 76

Write Line 5 25 100 1100100 0011011 1111111110011011 PEL 101

Write Line 6 25 125 1111101 0000010 1111111110000010 PEL 126

Write Line 7 25 22 0010110 1101001 1111111111101001 PEL 23

Write Line 8 25 47 0101111 1010000 1111111111010000 PEL 48
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has a plurality of addresses with each address having a different value, preferably between 0 and 15. The values stored
in each address are randomly generated externally and then stored in the ROM 102 when the device is manufactured.

[0149] The address counter 103 is preferably a four bit counter. When the POR signal is low at the start, it is
inverted and is applied as a high at CLR input of the address counter 103 to set the count in the counter 103 to 0.
[0150] Each time that the counter 46 has its OVF output go high, the ENABLE input of the address counter 103
allows the next PHXTL-IN clock timing pulse at CLK input of the address counter 103 to increase the count in the
address counter 103 by one. Therefore, the Q output of the address counter 103 increases by a count of one to select
the next address at AD input of the ROM 102. This causes the value at the Q output for the specific address to be sup-
plied to B input of the adder 100.
[0151] Accordingly, each time that a PEL slice is to be inserted in or removed from a write line because the counter
46 reaches the count at which its OVF output goes high, the next count in the counter 46 from the output F of the adder
100 is varied not only by the Y output of the multiplexer 92 but also by the new output of the ROM 102.
[0152] It should be understood the ROM 102 could be a RAM, if desired. The RAM would be loaded by software
from the microprocessor 68 (see FIG. 8).
[0153] Thus, there is random placement of each insertion or removal of a PELslice in a write line. This prevents the
presence of visible artifacts in a grouping of half tone cells.
[0154] While the electronic control arrangement of the present invention has been shown and described for use
with the color laser printer 10 (see FIG. 1), it should be understood that it could be employed with a non-color laser
printer. With a non-color laser printer, the electronic control arrangement of the present invention would be utilized to
maintain the lengths of the write lines substantially constant as is particularly desired when printing on preprinted forms
in a non-color laser printer.
[0155] While the electronic control arrangement has been shown and described as measuring the distance Xg
between the sensors 62 (see FIG. 7) and 63 for each of the write lines during factory adjustment, it should be under-
stood that an assumption of the distance Xg between the sensors 62 and 63 may be utilized. However, this would pro-
duce a substantially larger error since the assumption of the distance Xg would be based on this distance being the
same for each of the write lines whereas the tolerances of this distance would produce substantial differences between
the lengths as previously discussed. For example, instead of 0.004 mm being the maximum difference (error) between
the lengths of the write lines C20-C23 as shown in Table 4, this maximum difference (error) between the lengths of the
write lines C20-C23 could increase to 0.039 mm, nearly ten times larger.
[0156] Furthermore, the lengths of the write lines on each of the electrophotographic photoconductive drums 11
(see FIG. 1), 12, 13, and 14 could be determined by measuring the write line on the FTM 32, for example. The FTM 32
would include the driven endless belt or a sheet of media such as paper, for example, advanced by an endless belt.
[0157] While the electrophotographic photoconductive drums 11 (see FIG. 1), 12, 13, and 14 have been shown and
described as the photoconductors scanned by the laser beams 20, 21, 22, and 23, respectively, any other suitable pho-
toconductor or light receiving element, such as film, may be employed, if desired.
[0158] An advantage of this invention is that it electronically changes the number of PEL slices in selected PELs in
one or more write lines to obtain write lines of substantially equal length. A further advantage of this invention is that
there is no active adjustment of scanner optics to correct the lengths of the write lines.
[0159] For purposes of exemplification, preferred embodiments of the invention have been shown and described
according to the best present understanding thereof. However, it will be apparent that changes and modifications in the
arrangement and construction of the parts thereof may be resorted to without departing from the spirit and scope of the
invention.

Claims

1. A color laser printer including:

a plurality of photoconductors;
a plurality of scanning means equal in number to the number of said photoconductors;
each of said scanning means including a laser beam to scan simultaneously a different one of said photocon-
ductors;
electronic control means for electronically changing the length of at least one of the write lines scanned on
each of said photoconductors to make the write lines substantially equal when the initial lengths of the write
lines produced by each of said scanning means are not substantially equal;
each of said photoconductors producing a different selected color selectively along the write line after being
scanned by said laser beam of one of said scanning means to produce the different selected color at any PEL
along the write line;
and means for depositing each of the color images of said photoconductors on a media in an overlying relation

5

10

15

20

25

30

35

40

45

50

55



EP 1 061 729 A2

16

to form a resulting color line on the media substantially equal to the length of each of the write lines.

2. The color laser printer according to claim 1 in which said electronic control means includes:

a clock operating at a fixed frequency to produce equal clock timing pulses of the same frequency for supply
to each of said scanning means;
and separate selective changing means for electronically selectively changing the number of clock timing
pulses for selected PELs in at least one of the write lines on at least one of said photoconductors to make the
lengths of the write lines on all of said photoconductors substantially equal.

3. The color laser printer according to claim 2 in which:

said electronic control means includes periodically determining means for periodically determining the length
of at least one of the write lines on each of said photoconductors;
and each of said separate selective changing means includes means for changing the number of clock timing
pulses for the selected PELs for the at least one write line on at least one of said photoconductors to change
the length of the write line on said at least one photoconductor to make the lengths of the write lines on all of
said photoconductors substantially equal.

4. The color laser printer according to claim 3 including:

separate beam sensing means for each of said laser beams and equal in number to the number of said laser
beams;
each of said separate beam sensing means including: two sensing means spaced a predetermined distance
apart to provide a measuring line therebetween and said two sensing means being passed over by one of said
laser beams;
said periodically determining means including measuring means for measuring the number of clock timing
pulses required for each of said laser beams to move between said two sensing means of one of said separate
beam sensing means to obtain the length of the measuring line relative to the lengths of the measuring lines
on the other of said photoconductors;
and means for utilizing the product of a stored value of the ratio of the length of the write line to the length of
the measuring line and the number of clock timing pulses measured by said measuring means to change the
length of the write lines on at least one of said photoconductors to make the lengths of the write lines substan-
tially equal on all of said photoconductors.

5. The color laser printer according to claim 4 including ratio determining means for determining the ratio of the length
of the write line to the length of the measuring line to provide the stored value of the ratio of the length of the write
line to the length of the measuring line.

6. The color laser printer according to claim 5 in which said ratio determining means includes:

length determining means for determining the lengths of the write line and the measuring line for each of said
photoconductors at an initial frequency of the clock;
means for adjusting the frequency of the clock to the selected fixed frequency to have the length of one of the
write lines substantially equal to a predetermined length;
and determining means for determining the lengths of the write line and the measuring line for each of said
photoconductors at the adjusted frequency of the clock so that the ratio of the length of the write line to the
length of the measuring line on each of said photoconductors is determined.

7. The color laser printer according to any preceding claim in which each of said photoconductors is an electrophoto-
graphic photoconductive drum.

8. The color laser printer according to any of claims 3 to 7 in which said changing means of said selective changing
means increases or decreases the number of clock timing pulses to extend or shorten the length of the write line
on said at least one photoconductor.

9. The color laser printer according to any of claims 2 to 8 including offset producing means for producing an offset at
locations in each of the write lines on each of said photoconductors at which the number of the clock timing pulses
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for each of the selected PELs is changed.

10. The color laser printer according to claim 9 in which said offset producing means includes means for producing a
constant offset for each of the write lines on each of said photoconductors but beginning the first offset for each of
the write lines at a different PEL than adjacent write lines.

11. The color laser printer according to claim 9 in which said offset producing means includes means for producing an
offset of a different random value for each of the write lines on each of said photoconductors.

12. The color laser printer according to any of claims 2 to 8 including shifting means for randomly shifting each location
in each of the write lines on each of said photoconductors at which the number of the clock timing pulses for each
of the selected PELs is changed.

13. The color laser printer according to any of claims 2 to 8 in which said separate selective changing means of said
electronic control means for each of said laser beams changes the number of clock timing pulses only at inactive
PELs or at PELs having at least an inactive portion unless there is an insufficient number of such PELs.

14. The color laser printer according to any of claims 2 to 8 in which said separate selective changing means of said
electronic control means for each of said laser beams changes the number of clock timing pulses only at inactive
PELs or at PELs having at least an inactive portion substantially equally spaced from each other unless there is an
insufficient number of such PELs.

15. The color laser printer according to claim 1 in which said electronic control means includes means for changing the
time for selected PELs of the write line on at least one of said photoconductors to be scanned by one of said laser
beams to change the length of the write line on said at least one photoconductor so that the write lines on all of said
photoconductors are substantially equal.

16. A laser printer comprising:

at least one photoconductor;
at least one scanning means including a laser beam to scan a plurality of write lines on said at least one pho-
toconductor;
and electronic control means for electronically controlling a length of the write lines scanned on said at least
one photoconductor so that at least two of the lengths of the write lines produced by said at least one scanning
means are maintained substantially constant.

17. The laser printer according to claim 16 in which said electronic control means includes:

a clock operating at a fixed frequency to produce equal clock timing pulses of the same frequency for supply
to each of said scanning means;
and selective changing means for electronically selectively changing the number of clock timing pulses for
selected PELs in the write lines on said at least one photoconductor to make the lengths of the write lines sub-
stantially equal to a predetermined length.

18. The laser printer according to claim 17 including offset producing means for producing an offset at locations in each
of the write lines on said at least one photoconductor at which the number of the clock timing pulses for each of the
selected PELs is changed.

19. The laser printer according to claim 18 in which said offset producing means includes means for producing a con-
stant offset for each of the write lines on said at least one photoconductor but beginning the first offset for each of
the write lines at a different PEL than adjacent write lines.

20. The laser printer according to claim 18 in which said offset producing means includes means for producing an off-
set of a different random value for each of the write lines on said at least one photoconductor.

21. The laser printer according to any of claims 17 to 20 in which said selective changing means of said electronic con-
trol means for said laser beam of said at least one scanning means changes the number of clock timing pulses only
at inactive PELs or at PELs having at least an inactive portion unless there is an insufficient number of such PELs.
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22. The laser printer according to any of claims 17 to 20 in which said selective changing means of said electronic con-
trol means for said laser beam of said at least one scanning means changes the number of clock timing pulses only
at inactive PELs or at PELs having at least an inactive portion substantially equally spaced from each other unless
there is an insufficient number of such PELs.

23. The laser printer according to any of claims 16 to 22 in which said at least one photoconductor is an electrophoto-
graphic photoconductive drum.

24. The laser printer according to any of claims 17 to 23 in which said selective changing means increases or
decreases the number of clock timing pulses to extend or shorten the length of the write lines on said at least one
photoconductor.

25. The laser printer according to claim 16 or 17 including shifting means for randomly shifting each location in each of
the write lines at which the number of clock timing pulses is changed by said selective changing means.

26. A method for controlling the length of a write line on each of a plurality of photoconductors produced by a different
laser beam simultaneously scanning each of the photoconductors of printheads in a color laser printer to maintain
substantially equal lengths of the write lines produced on the photoconductors by the laser beams including:

determining the length of the write line on each of the photoconductors;
and changing the length of the write line on at least one of the photoconductors so that the lengths of the write
lines on all of the photoconductors are substantially equal.

27. The method according to claim 26 including:

determining the length of the write line on each of the photoconductors by determining the number of PELslice
clock timing pulses of a PELslice clock comprising the length of each of the write lines on each of the photo-
conductors;
and changing the length of the write line on the at least one photoconductor so that the lengths of the write lines
on all of the photoconductors are substantially equal by changing the number of the PELslice clock timing
pulses for the write line on the at least one photoconductor so that the lengths of the write lines on all of the
photoconductors are substantially equal.

28. The method according to claim 27 including:

periodically determining the number of the PELslice clock timing pulses comprising the length of a separate
measuring line on the printhead for each of the photoconductors by the laser beam scanning the measuring
line;
using the product of a previously determined ratio of the length of the write line on each of the photoconductors
to the length of the corresponding measuring line for use with the same photoconductor and the periodically
determined number of the PELslice clock timing pulses for the same photoconductor to determine the number
of the PELslice clock timing pulses correlated to the actual length of the write line on the same photoconductor;
and changing the number of the PELslice clock timing pulses for the write lines on at least one of the photo-
conductors so that the write lines on all of the photoconductors are substantially equal.

29. The method according to claim 27 including changing the number of the PELslice clock timing pulses inserted into
or removed from the write lines on at least one of the photoconductors so that the write lines on all of the photocon-
ductors are substantially equal.

30. A method for controlling the length of a write line on a photoconductor produced by a laser beam scanning the pho-
toconductor of a printhead in a laser printer to maintain the lengths of the write lines produced on the photoconduc-
tor by the laser beam substantially constant including:

determining the length of each of two write lines on the photoconductor by the laser beam scanning the pho-
toconductor;
and changing the length of one of the write lines so that the two write lines are substantially equal.

31. The method according to claim 30 including:
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determining the length of each of two write lines on the photoconductor by the laser beam scanning the pho-
toconductor by determining the number of PELslice clock timing pulses of a PELslice clock comprising the
length of each of two write lines on the photoconductor by the laser beam scanning the photoconductor;

and changing the length of one of the write lines so that the two write lines are substantially equal, said step of
changing the length being accomplished by changing the number of the PELslice clock timing pulses of the
one write lines.

32. The method according to claim 28, 29 or 31 including producing an offset between the locations in each of the write
lines at which the number of the clock timing pulses for each of the selected PELs is changed.

33. The method according to claim 31 including:

periodically determining the number of the PELslice clock timing pulses comprising the length of a measuring
line on the printhead during scanning of the photoconductor and the measuring line by the laser beam;
using the product of a previously determined ratio of the length of a write line on the photoconductor to the
length of the measuring line on the printhead and the periodically determined number of the PELslice clock tim-
ing pulses to determine the number of the PELslice clock timing pulses comprising the length of each of the
two write lines on the photoconductor;
and changing the number of the PELslice clock timing pulses for one of the two write lines so that the lengths
of the write lines are substantially equal.

34. A method for controlling the length of a write line on each of a plurality of photoconductors produced by a different
laser beam simultaneously scanning each of the photoconductors in a color laser printer to maintain substantially
equal lengths of the write lines produced on the photoconductors by the laser beams including:

selecting a fixed frequency of a clock producing equal clock timing pulses for each of the laser beams so that
the write lines on each of the photoconductors are substantially equal;
determining the ratio of the length of the write line on each of the photoconductors to the length of a measuring
line on the same photoconductor at a selected fixed frequency of a clock producing equal clock timing pulses
for each of the laser beams so that the lengths of the write lines on all of the photoconductors are substantially
equal;
periodically determining the length of each of the measuring lines by the number of clock timing pulses pro-
duced for each of the laser beams during scanning of the write line on each of the photoconductors by its cor-
responding laser beam;
using the product of the ratio of the length of the write line on each of the photoconductors to the length of the
measuring line on the same photoconductor for each of the photoconductors and the periodically determined
number of clock timing pulses during scanning of each of the photoconductors by its corresponding laser beam
to ascertain if the length of the write line on at least one of the photoconductors has changed and the amount
of change;
and changing the selected number of the clock timing pulses without changing the selected fixed frequency of
the clock at selected PELs for each of the laser beams having the length of a write line not substantially equal
to a selected value to change the length of each of the write lines not substantially equal to the selected value
so that the lengths of the write lines on all of the photoconductors are substantially equal.

35. The method according to claim 34 including producing an offset between the locations in each of the write lines on
each of the photoconductors at which the number of the clock timing pulses for each of the selected PELs is
changed.

36. The method according to claim 34 or 35 in which the ratio of the length of the write line on each of the photocon-
ductors to the length of the measuring line on the same photoconductor is determined through:

initially determining the lengths of the write line and the measuring line on each of the photoconductors at an
initial frequency of the clock producing the equal clock timing pulses;
adjusting the frequency of the clock to the selected fixed frequency so that the length of the write line on at least
one of the photoconductors is substantially equal to the selected value;
measuring the lengths of the write line and the measuring line on each of the photoconductors at the selected
fixed frequency of the clock;
and determining the ratio of the length of the write line on each of the photoconductors to the length of the
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measuring line on the same photoconductor at the selected fixed frequency of the clock.

37. A method for controlling the length of a write line on a photoconductor produced by a laser beam scanning the pho-
toconductor in a laser printer to maintain the lengths of the write lines produced on the photoconductor by the laser
beam substantially constant including:

selecting a fixed frequency of a clock producing equal clock timing pulses for the laser beam so that the write
line has a desired length;
determining the ratio of the length of the write line on the photoconductor to the length of a measuring line at
the selected fixed frequency of a clock producing equal clock timing pulses for the laser beam so that the write
line has a desired length;
periodically determining the length of the measuring line by the number of clock timing pulses produced during
scanning of the measuring line on the photoconductor by the laser beam;
using the product of the ratio of the length of the write line on the photoconductor to the length of the measuring
line on the photoconductor and the periodically determined number of clock timing pulses during scanning of
the photoconductor by the laser beam to ascertain if the length of the write line has changed and the amount
of change;
and changing the selected number of the clock timing pulses for the write line without changing the selected
fixed frequency of the clock at selected PELs along the write line to change the length of the write line to the
desired length if the length of the write line has changed.

38. The method according to claim 37 including producing an offset between the locations in each of the write lines on
the photoconductor at which the number of the clock timing pulses for each of the selected PELs is changed.

39. The method according to claim 32, 35, 36 or 38 including producing a constant offset for each of the write lines but
beginning the first offset for each of the write lines at a different PEL than adjacent write lines.

40. The method according to claim 32, 35, 36 or 38 including producing an offset of a random value for each of the write
lines.

41. The method according to claim 37 in which the ratio of the length of the write line on the photoconductor to the
length of the measuring line on the photoconductor is determined through:

initially determining the lengths of the write line and the measuring line at an initial frequency of the clock pro-
ducing the equal clock timing pulses;
adjusting the frequency of the clock to the selected fixed frequency so that the length of the write line is sub-
stantially equal to the desired length of the write line;
measuring the lengths of the write line and the measuring line at the selected fixed frequency of the clock;
and determining the ratio of the length of the write line on the photoconductor to the length of the measuring
line on the photoconductor at the selected fixed frequency of the clock.

42. The method according to claim 28, 29, 31, 34, 36 or 37 including randomly shifting each location in each of the write
lines at which the number of the PELslice clock timing pulses is changed.

43. A laser printer including:

a plurality of light receiving elements;
a plurality of scanning means;
each of said scanning means including a laser beam to scan simultaneously a different one of said light receiv-
ing elements;
and electronic control means for electronically changing the length of the write lines scanned on at least one
of said light receiving elements to make the write lines on all of said light receiving elements substantially equal
when the lengths of the write lines produced by each of said scanning means are not substantially equal.

44. The laser printer according to claim 43 in which said electronic control means includes:

a clock operating at a fixed frequency to produce equal clock timing pulses of the same frequency for supply
to each of said scanning means;
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and separate selective changing means for electronically selectively changing the number of clock timing
pulses for selected PELs in the write line on at least one of said light receiving elements to make the lengths
of the write lines on all of said light receiving elements substantially equal.

45. The laser printer according to claim 44 in which:

said electronic control means includes periodically determining means for periodically determining the length
of each of the write lines;
and each of said separate selective changing means includes means for changing the number of clock timing
pulses for the selected PELs for the write line on at least one of said light receiving element to change the
length of the write line on said at least one light receiving element to make the lengths of the write lines sub-
stantially equal.

46. The laser printer according to claim 45 including:

separate beam sensing means for each of said laser beams and equal in number to the number of said laser
beams;
each of said separate beam sensing means including: two sensing means spaced a predetermined distance
apart to provide a measuring line therebetween and said two sensing means being passed over by one of said
laser beams;
said periodically determining means including measuring means for measuring the number of clock timing
pulses required for each of said laser beams to move between said two sensing means of one of said separate
beam sensing means to obtain the length of the measuring line relative to the lengths of the measuring lines
on the other of said light receiving elements;
and means for utilizing the product of a stored value of the ratio of the length of the write line to the length of
the measuring line and the number of clock timing pulses measured by said measuring means to change the
length of at least one of the write lines on said at least one light receiving element to make the lengths of the
write lines substantially equal on all of said light receiving elements.

47. The laser printer according to claim 46 including ratio determining means for determining the ratio of the length of
the write line to the length of the measuring line to provide the stored value of the ratio of the length of the write line
to the length of the measuring line.

48. The laser printer according to claim 47 in which said ratio determining means includes:

length determining means for determining the lengths of the write line and the measuring line for each of said
light receiving elements at an initial frequency of the clock;
means for adjusting the frequency of the clock to the selected fixed frequency to have the length of one of the
write lines substantially equal to a predetermined length;
and determining means for determining the lengths of the write line and the measuring line for each of said light
receiving elements at the adjusted frequency of the clock so that the ratio of the length of the write line to the
length of the measuring line on each of said light receiving elements is determined.

49. The laser printer according to claim 48 in which each of said light receiving elements is an electrophotographic pho-
toconductive drum.

50. The laser printer according to any of claims 45 to 49 including offset producing means for producing an offset at
locations in each of the write lines on each of said light receiving elements at which the number of the clock timing
pulses for each of the selected PELs is changed.

51. The laser printer according to claim 50 in which said offset producing means includes means for producing a con-
stant offset for each of the write lines on each of said light receiving elements but beginning the first offset for each
of the write lines at a different PEL than adjacent write lines.

52. The laser printer according to claim 50 in which said offset producing means includes means for producing an off-
set of a different random value for each of the write lines on each of said light receiving elements.

53. The laser printer according to any of claims 45 to 49 in which said changing means of said selective changing
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means increases or decreases the number of clock timing pulses to extend or shorten the length of the write line
on said at least one light receiving element.

54. The laser printer according to any of claims 45 to 49 or 53 including shifting means for randomly shifting each loca-
tion in each of the write lines at which the number of the clock timing pulses for each of the selected PELs is
changed.
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